The transcapillary escape rate of albumin, the fraction of intravascular mass of albumin that passes to the extravascular space per unit time, was determined from the disappearance of intravenously injected 131 I-labeled human serum albumin during the first 60 minutes after the injection in 10 normotensive and 18 hypertensive male subjects. The investigation was preceded by at least 12 hours of fasting and 30 minutes of rest in the supine position. The transcapillary escape rate of albumin was significantly increased in the hypertensive group: it averaged 7.6 ± 1.2 (SD) SS/hour compared with 5.6 ± l.liiS/hour in the normotensive group (P< 0.001). Similar results were obtained for the outflux of albumin, the mass of intravascular albumin that passes to the extravascular space per unit time, when identical intravascular albumin masses were compared (P< 0.001). A highly significant correlation between the transcapillary escape rate of albumin and blood pressure was found in the hypertensive group (P< 0.001). Therefore, the increased transcapillary escape rate and the outflux of albumin probably reflected an increase in arteriolar and capillary permeability to albumin. This increase was probably due to the high intra-arterial pressure, which induces constriction in some arteries and dilatation in others and thus allows the high intraluminal pressure to be transmitted distally with distention of the small vessel walls. Finally, a significant reduction in plasma volume was found in the hypertensive subjects (P<0.05).
I-labeled human serum albumin during the first 60 minutes after the injection in 10 normotensive and 18 hypertensive male subjects. The investigation was preceded by at least 12 hours of fasting and 30 minutes of rest in the supine position. The transcapillary escape rate of albumin was significantly increased in the hypertensive group: it averaged 7.6 ± 1.2 (SD) SS/hour compared with 5.6 ± l.liiS/hour in the normotensive group (P< 0.001). Similar results were obtained for the outflux of albumin, the mass of intravascular albumin that passes to the extravascular space per unit time, when identical intravascular albumin masses were compared (P< 0.001). A highly significant correlation between the transcapillary escape rate of albumin and blood pressure was found in the hypertensive group (P< 0.001). Therefore, the increased transcapillary escape rate and the outflux of albumin probably reflected an increase in arteriolar and capillary permeability to albumin. This increase was probably due to the high intra-arterial pressure, which induces constriction in some arteries and dilatation in others and thus allows the high intraluminal pressure to be transmitted distally with distention of the small vessel walls. Finally, a significant reduction in plasma volume was found in the hypertensive subjects (P<0.05).
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• The effects of hypertension on vessel walls have been investigated in several animal studies. Byrom (1) showed that acute hypertension induced constrictions and dilatations in the small arteries of the rat's brain, and Giese (2) demonstrated the same effects in the rat's mesentery and intestines. Also, both authors found an increased endothelial permeability to protein in the areas showing dilatation. The present study attempted to determine overall capillary permeability from the initial plasma disappearance of 131 I-labeled human serum albumin in humans suffering from essential hypertension. Plasma volume was also determined.
Methods
All the subjects investigated were selected from a group of men participating in a population study concerning the relationship between physical fitness and risk of myocardial infarction. The normotensive subjects were selected randomly, but the hypertensive subjects were chosen so that they all had a diastolic blood pressure of === 100 mm Hg. To avoid the possible influence of the menstrual cycle on plasma volume, only men were studied.
Ten male subjects (41-59 years old, mean 50.7 years) with an average blood pressure of 111/75 mm Hg and a mean body weight of 76.0 kg (range 65 to 88 kg) were studied as a control group; this group showed no evidence of cardiovascular disease.
The hypertensive group consisted of 18 male subjects (37-59 years old, mean 47.4 years). The first 12 subjects in Table 1 had never received any kind of antihypertensive therapy, and the treatment of the last 6 was stopped at least 10 days before the investigation. At the time of the investigation, the hypertensive state had been recognized for less than 1 year in all subjects, and in the majority of the subjects (nos. 1-12), it had been recognized for less than 1 month. Blood pressure ranged from 170/100 to 200/145 mm Hg (mean 177/119 mm Hg) when measured after at least 30 minutes of rest in the supine position. None of these subjects had a past history or present evidence, clinically or radiologically, of cardiac failure. None of the subjects had proteinuria, and all had normal serum creatinine levels, except the 4 subjects with borderline values. Seven subjects had grade 1 to grade 2 hypertensive funduscopic changes, and 1 subject had grade 3 changes.
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PARVING, GYNTELBERG ""I-LABELED HUMAN SERUM ALBUMIN
131 I-labeled human serum albumin ( 131 I-HSA) (4-8 fjuc) was injected at each investigation, giving a total radiation dose of less than 100 mrem. Thyroid uptake of radioactive iodide was blocked by the daily administration of 100 mg of potassium iodide for 7 days. After precipitation with 10% trichloracetic acid, the amount of free 131 I in the supernatant fluid in no case exceeded 1%. The radioactivity was measured in a well type of scintillation detector (Selektronik). At least 10,000 counts were recorded ( S D ± 1 % ) . Correction for physical decay was applied.
PROCEDURE
The investigation was carried out in the morning and was preceded by at least 12 hours of fasting and 30-60 minutes of rest in the supine position. These conditions had to be fulfilled to avoid the disturbing influence of diurnal variations in plasma volume (3) and the increasing effect of feeding on protein outflux from plasma (4). The room temperature was maintained at approximately 20°C.
A catheter was inserted into an antecubital vein of each arm. 131 I-HSA was injected into the circulation within 30 seconds through one catheter. From the other catheter, through a three-way stopcock, 6 ml of blood was withdrawn and transferred to heparinized test tubes 10, 15, 20, 30, 40, 50 , and 60 minutes after the injection. Activity remaining in the catheter from foregoing samples was avoided by withdrawing and discarding 2 ml of blood prior to each renewed sampling.
CHEMICAL ANALYSES
Hematocrit was determined in every second sample, by a 3-minute centrifugation at 15,000 g. In each sample the total protein concentration was read refractometrically with a T.S.-meter (American Optical Company). Serum albumin was measured according to the method of Laurell (5), and serum creatinine was measured with a Technicon autoanalyzer.
CALCULATIONS
The following assumptions were made in calculating the transcapillary escape rate of albumin from the initial disappearance rate of 131 I-HSA: (1) a steady state existed with respect to albumin metabolism during the period of investigation (constancy of all masses and rates), (2) the tracer behaved like the endogenous albumin, and (3) the disappearance of intravenously injected 131 I-HSA was a monoexponential function during the whole 60-minute period following the injection with a rate constant equal to that at time zero.
Radioactivity was expressed as counts/min g" 1 total protein to secure the same concentration level in the different samples taken from each subject. After logarithmic transformation of this ratio, the regression equation for the time-concentration curve was compiled by a computer. The transcapillary escape rate (TER alb ) (%/hour) was compiled from the slope of the regression equation. The outflux of albumin (J a i b ) (g/hour) was calculated by multiplying the intravascular mass of albumin (IVM) (g) by TER alb . Plasma volume (ml) was calculated from the radioactivity at time zero by retropolation of the time-concentration curve and from the injected volume of 1S1 I-HSA measured by weighing the syringes before and after injection. Finally, tests of statistical significance were performed using Student's i-test for the comparison of averages and the F-test for regression analyses. 
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Results
The clinical characteristics of the hypertensive subjects are shown in Table 1 .
PLASMA VOLUME AND INTRAVASCULAR MASS OF ALBUMIN
A significant reduction in plasma volume (Tables  2 and 3 ) was found in the hypertensive group, regardless of the reference standards used for comparison of the plasma volume (P<0.05). Plasma volume correlated inversely with mean blood pressure (r=0.37, P<0.05) (Fig. 1) . The total protein concentration was increased from an average of 6.5 g/100 ml in the normotensive group to 7.0 g/100 ml in the hypertensive group (P<0.005), but hematocrit was unchanged. The mean intravascular mass of albumin (Tables 2 and  3 ) was significantly reduced in the hypertensive group irrespective of the reference standards (P < 0.05). This difference was solely due to the reduction in plasma volume, since the albumin concentration was about the same. Inverse relationship between plasma volume and mean blood pressure (r = 0.37, P < 0.05). Open circles represent the normotensive group, and solid circles represent the hypertensive group.
INFLUENCE OF PLASMA VOLUME AND INTRAVASCULAR MASS OF ALBUMIN ON TRANSCAPILLARY ESCAPE RATE
concerning the correlation between IVM o u, and TER alb (normotensive r = 0.57, P<0.05 and hypertensive r = 0.62, P < 0.01).
TRANSCAPILLARY ESCAPE RATE AND OUTFLUX OF ALBUMIN
The mean value of TER a n> was 5.6 ± 1.1 (SD) %/hour in the normotensive group compared with a value of 7.6 ± 1.2% /hour in the hypertensive group (Table 4) ; this difference was significant (P < 0.001). Figure 4 illustrates that the increase in TER olb in the hypertensive group was significantly correlated with the systolic pressure (r = 0.61, P< 0.01), the diastolic pressure (r = 0.90, P< 0.001), and the mean blood pressure (r = 0.87, P < 0.001), but no correlation was present in the normotensive group. The outflux of albumin is illustrated in Table 4 and Figures 5 and 6 . Statistical comparison of the regression equation shows that the albumin outflux was significantly increased in the hypertensive group (P < 0.001).
Discussion
Before dealing with the present results, the assumptions on which they are based will be discussed. All subjects in the present investigation were considered to be in a steady state with respect to their albumin metabolism because of the experimental conditions and the stable values for hematocrit and total plasma protein concentration. The second assumption concerning the reliability of the tracer is fulfilled, because it has been demonstrated metabolically that the tracer is virtually nondenatured (6) 
05). The difference is significant (P < 0.001).
IS1 I. Finally, it was assumed that the plasma disappearance of 131 I-HSA during the first 60 minutes was a monoexponential function. Theoretically this assumption is not fulfilled, because there is a lymphatic return of 131 I-HSA during the investigation period. However, the amount returning during the investigation period is negligible from a practical point of view because of the low lymph flow in a fasting, resting subject and the three-to fourfold dilution of the tracer in the extravascular fluid. Also, the return of the tracer through the lymphatics is delayed 10-20 minutes depending on the lymph flow rate. The following example illustrates the quantitative importance of the lymphatic return of 181 I-HSA in 60 minutes: a subject in a steady state with an intravascular mass of albumin of 100 g, an extravascular mass of albumin of 125 g, a transcapillary escape rate of 5%/hour, an outflux of albumin of 5 g/hour, an extravascular return rate of 4%/ hour, and an influx of albumin of 5 g/hour has a lymphatic return of 1S1 I-HSA of (5-4)/100 = 0.21 In the present investigation, the plasma disappearance of 131 I-HSA was found to be linear when it was plotted semilogarithmically, which is in accordance with the findings of several other investigations (7, 8) .
Several works have shown that plasma activity, P(t)-disappearance after intravenous injection of the sum of the transcapillary escape of the tracer and the fractional catabolic rate. The fractional catabolic rate can be ignored; it is without quantitative importance over 60 minutes, since it is on the order of 0.3% of the IVM per hour. The disappearance over the first 60 minutes is almost identical with ^ Ci-bi, since over that period
there is little return of 131 I-HSA from the extravascular compartment to the plasma. Table 5 illustrates the validity of this conclusion.
PLASMA VOLUME
Before interpreting the results concerning plasma volume, it should be stressed that no significant differences in age, body weight, or the time of the day when the investigation was carried out were
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FIGURE 5
Correlation between outflux of albumin and plasma volume. apparent between the two groups. A mean reduction in plasma volume of 400 ml/person and an increase in total protein concentration in the hypertensive subjects agreed with the results of some investigations (14-16) but disagreed with others (17) . This discrepancy was probably due to differences in the duration and the severity of the hypertensive state (18) . Since injection of moderate doses of norepinephrine causes the plasma volume to decrease, probably due to venoconstriction and increased capillary filtration, some authors assumed that this decrease was an important pathogenetic factor (16) . Therefore, it is of great interest that DeQuattro and Chan (19) recently showed the levels of catecholamines to be increased in some patients suffering from essential hypertension. Also, according to Giese (2) , the high intra-arterial pressure induces dilatations in some arterioles and allows the high intraluminal pressure to be transmitted distally, increasing the intracapillary pressure. Finally, the present investigation supports the idea of an increased arteriolar and capillary permeability to proteins, which is an important factor in the pathogenesis of the reduction in plasma volume. The most likely conclusion is that all three variables contribute to the reduction in plasma volume in hypertension.
INFLUENCE OF PLASMA VOLUME AND INTRAVASCULAR MASS OF ALBUMIN ON TRANSCAPILLARY ESCAPE RATE
The present finding of a significant correlation between plasma volume and IVM on the one side and TER a i b on the other side agrees with the results obtained in man by Walker et al. (20) and in dogs by Wasserman et al. (21) . The influence can be explained either by suggesting that the individuals with the largest plasma volume have a greater number of capillaries per unit body weight, which results in an increased area for exchange, or by suggesting that an actual change in capillary permeability occurs with changing plasma volume. The latter possibility has been investigated in dogs by Wasserman et al. (21) , who clearly demonstrated that an increased plasma volume actually increased the capillary permeability for albumin, probably by stretching the capillary pore. Therefore, it is possible to compare and interpret the values of TER alb and J a ib obtained within the different groups only when the different groups have identical values for IVM alb and plasma volume.
ENDOTHELIAL PERMEABILITY
TER a | b was very significantly increased and correlated to the blood pressure in the hypertensive subjects; however, no correlation was found in the normotensive subjects. Similar results were obtained for Jan, when identical IVMs and plasma volumes were compared. Furthermore, in the hypertensive subjects a significant reduction in IVM a ib, which indicated either an increase in the extravascular fraction of albumin or a reduction in the total body mass of albumin, was found.
The present findings can be explained either by an increase in the surface area where exchange takes place, by an increased endothelial permeability to albumin, or by both. An increase in the blood flow to an organ is accompanied by an apparent increase in the surface area where exchange takes place-an apparent recruitment of the capillary bed-and this effect might explain the increased TERaib and J a ib in essential hypertension (22, 23) . However, studies on the transcapillary exchange of high molecular weight substances such as inulin (molecular weight 5,500) and different dextrans (molecular weight 10,000-80,000) showed that the exchange was flow-independent (24, 25) . But the exchange of smaller hydrophilic molecules (i.e., sodium, potassium, ethylenediaminetetraacetate) was flow-limited (22) (23) (24) . Also, cardiac output was increased only in younger subjects suffering from so-called labile essential hypertension, and normal or decreased values were generally seen in subjects suffering from moderate to severe essential hypertension (18) . Since our patients belonged to the last two groups, increased cardiac output seems highly unlikely.
The present results might therefore be interpreted as evidence for increased endothelial permeability (flux per unit surface area) to albumin. This interpretation is supported by the findings of proteinuria and soft exudates in the eyes of subjects suffering from more severe hypertension. Also, abnormal leakage of fluorescein, a partly proteinbound dye, from the retinal capillaries has been found in hypertension (26, 27) , and an increased plasma clearance of T-1824 has been found in cases of preeclampsia (28) . Data from animal experiments strongly support this interpretation of our results. Byrom (1) found cerebral edema and extravasation of Trypan blue dye bound to serum albumin in chronically hypertensive rats. Similar results were recently obtained by Haggendal et al. (29) in acutely hypertensive dogs. Using carbon particles and fluorescent protein, Giese (2) measured the arteriolar and the capillary permeability in the mesentery and intestines of acutely hypertensive rats. Since the increased permeability was present within only a few minutes after the start of the hypertensive period, cellular lesions do not necessarily seem to be involved. To discuss the mechanism of the increased arteriolar and capillary permeability, special attention should again be given to the findings of Byrom (1) and Giese (2) . Both showed that acute hypertension caused the small blood vessels to react with dilatations in some places and constrictions in other places (the "sausage-string" phenomenon) and that the increased permeability was only present in the dilatated areas. The most likely assumption derived from these experiments with rats is that increased intra-arterial pressure induces dilatations in some arteries and allows the high intraluminal pressure to be transmitted distally causing distention of the endothelial junction and thereby increasing the permeability of the arterioles and the capillaries. Finally, the effect of hypertension on the vessel wall is not restricted only to the small blood vessels. Increased penetration of 181 I-HSA into the aortic intima occurs in hypertensive dogs (30) . The penetration of the tracer decreases along the length of the aorta, probably because of decreasing circumferential tension in the wall of the vessel (31) . Recently Smith and Slater (32) found that the amount of various plasma lipoproteins in the aortic intima taken at necropsy was significantly raised in the case of previous hypertension.
The present study demonstrated an increased initial rate of loss of albumin in hypertensive subjects. The magnitude was such that the majority of the increase was most probably in the terminal microvasculature. Other sources indicate, however, that the increased endothelial permeability might extend into the large and the middle-sized arteries as well.
